We analysed, using a polyphasic taxonomic approach, two bacterial strains coded BSTT30 T and BSTT40, isolated in the course of a study of endophytic bacteria occurring in the stems and roots of potatoes growing in soil from Salamanca, Spain. The 16S rRNA gene sequence was identical in both strains and had 98.4 % identity with respect to the closest relatives Erwinia tasmaniensis Et1/99
The genus Erwinia includes bacteria associated with plants, either as plant pathogens, saprophytes or epiphytes (Lelliot & Dickey, 1984) ; the species included in this genus have undergone several taxonomic changes in the last century due to the heterogeneity of strains (Hauben & Swings, 2005) . According to 16S rRNA gene sequence analysis, Hauben et al. (1998) proposed the reclassification of the species of the genus Erwinia into four genera: Erwinia including only the species of cluster I, Pectobacterium (Waldee, 1945) , Pantoea (Gavini et al., 1989) and Brenneria (Hauben et al., 1998) . Recently, several novel species of the genus Erwinia have been described, most of them associated with plants. These are both plant pathogens such as Erwinia papayae (Gardan et al., 2004) , Erwinia piriflorinigrans (Ló pez et al., 2011) and Erwinia uzenensis (Matsuura et al., 2012) , as well as non-pathogens or those, so far, not reported to be plant pathogens, such as Erwinia toletana (Rojas et al., 2004) , Erwinia tasmaniensis (Geider et al., 2006) and Erwinia oleae (Moretti et al., 2011) . Also, strains not associated with plants have been classified to novel species within the genus Erwinia, as with the recently described species Erwinia typographi, which was isolated from the gut of bark beetles in Lithuania (Skrodenytė-Arbačiauskienė et al., 2012) and Erwinia iniecta, isolated from wheat aphids in Russia (Campillo et al., 2015) .
During the screening of endophytic bacteria with plantgrowth promoting capabilities in potato plants cropped in soils from Northern Spain, we isolated two strains from potato (Solanum tuberosum L.) cultivar Marfona stems, growing in a soil located in Salamanca province (Spain). These strains were tested for the production of plant-growth promotion mechanisms in vitro, as described in García-Fraile et al. (2012) , and they showed inorganic phosphate solubilization and the production of siderophores. The two strains, coded BSTT30
T and BSTT40, were subjected to a polyphasic taxonomic study and the results suggested that they should be classified as a novel species within genus Erwinia.
The isolation procedure was performed according to Aravind et al. (2009) . Briefly, stems of potato plants were cut into 3.5 cm pieces and surface sterilized with 2 % (w/v) sodium hypochlorite for 10 min and 70 % (v/v) ethanol for 1 min and rinsed five times in sterile distilled water. To check the reliability of the disinfection protocol and thus ensure the bacterial isolates came from the inner plant tissues (endophytes), 100 ml of the last water wash was spread on Tryptic Soy Agar (TSA, Becton Dickinson) medium plates to check for sterility. The disinfected stem tissue samples were ground and macerated aseptically in phosphate buffered saline (PBS) (g l 21 NaCl 8, KCl 0.2, Na 2 HPO 4 1.4 and KH 2 PO 4 0.24, pH 7.4) and shaken at 200 r.p.m. for 1 h at 28 8C. Serial dilutions of this suspension were spread on TSA plates and incubated at 28 8C for 7 days.
The strains were classified into the genus Erwinia within Gammaproteobacteria according to 16S rRNA and housekeeping gene analyses. The phylogenetic, chemotaxonomic and phenotypic data obtained showed that they represent a novel species for which we propose the name Erwinia endophytica sp. nov.
In order to detect possible clonality, the two strains were subjected to PCR random amplified polymorphic DNA (RAPD) fingerprinting using the primer M13 (59-GAGGG-TGGCGGTTCT -39) as described previously (Rivas et al., 2007) . The bands present in each profile were coded for input into a database, including all the strains studied, and Jaccard's similarity coefficient was calculated to construct the distance matrix. A dendrogram was constructed from the distance matrix using the unweighted pair group with arithmetic mean (UPGMA) using the GelCompar II program from the Bionumerics platform (Applied Maths NV). The RAPD patterns obtained showed that the two strains BSTT30
T and BSTT40 are not clones since they presented different RAPD profiles and showed less than 90 % similarity in the dendrogram, showing a high genetic variability with respect to closely related species of the genus Erwinia (Fig. S1 , available in the online Supplementary Material).
Given that the two isolates were classified within the genus Erwinia, which contains several plant-pathogenic species, assays were conducted in pots in greenhouse conditions to test for pathogenicity in potato plants. True potato seeds were surface-disinfected with 2 % (w/v) sodium hypochlorite for 10 min and 70 % (v/v) ethanol for 1 min, rinsed five times in sterile distilled water and set in pots containing sterile vermiculite as substrate, they were irrigated with sterile commercial Hoagland's solution (Sigma). One week after germination, seedlings (27 per treatment) were inoculated in the stems and leaves with a syringe by applying 10 ml of a bacterial suspension of ca. 10 8 c.f.u. ml 21 of strains BSTT30 T and BSTT40 prepared from a 24h TSA plate culture. A negative control was inoculated with sterile distilled water. Four weeks after inoculation no necrotic symptoms were found, hence we consider the two isolates to be non-phytopathogenic bacteria for potato under the conditions tested.
Cells were stained according to the Gram procedure described by Doetsch (1981) . Motility was checked by phase-contrast microscopy after growing cells in nutrient agar (NA, Becton Dickinson) medium at 22 8C for 48 h. The flagellation type was determined by electron microscopy after 48h incubation in TSA (Becton Dickinson) at 22 8C. Cells were stained with 2 % (w/v) uranyl acetate and examined at 80 kV with a STEM-LEO 910 transmission electron microscope (Zeiss) equipped with a Gatan Bioscan 792 digital camera (Pleasanton). Strain BSTT30
T was Gram-stain-negative, rod-shaped, 0.8-0.961.5-1.7 mm and motile by means of peritrichous flagella (Fig. S2 ). Cells grew as round translucent beige coloured colonies on NA, usually 2.0 to 2.5 mm in diameter after 2 days at 28 8C.
For 16S rRNA gene sequencing and comparison analysis, DNA extraction, amplification and sequencing were performed as reported by Rivas et al. (2007) . The amplification and partial sequencing of gyrB and rpoD genes were performed as described by Yamamoto & Harayama (1998) using the following primers (sequencing primers are underlined): UP-1, 59-GAAGTCATCATGACCGTTCTGCA YGCNGGNGGNAARTTYGA-39 and UP-2r, 59-AGCAGG-GTACGGATGTGCGAGCC RTCNACRTCNGCRTCNGT CAT-39 for gyrB and 70F, 59-ACGACTGACCCGGTACG-CATGTA YATGMGNGARATGGGNACNGT-39 and 70R, 59-ATAGAAATAACCAGACGTAAGTTNGCYTCNACC-ATYTCYTTYTT-39 for rpoD (Yamamoto & Harayama, 1998) . For the gpd gene, amplification and sequencing were carried out with the following primers, according to Brown et al. (2000) : GAP1F, 59-TGAAATATGACTCCAC-TCACGG-39 and GAP1R, 59-TAGAGGACGGGATGATG-TTCTG-39.
The sequences obtained were compared with those from GenBank using the BLASTN (Altschul et al., 1990) and EzTaxon (Kim et al., 2012) programs and identities were calculated after pairwise comparisons. For phylogenetic analysis, sequences were aligned using CLUSTAL X software (Thompson et al., 1997) . Distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees of the 16S rRNA gene were inferred using neighbour-joining (NJ; Saitou & Nei, 1987) and maximum-likelihood (ML; Rogers & Swofford, 1998) analysis. MEGA6 software (Tamura et al., 2013) was used for all analyses.
The comparison of the 16S rRNA gene sequences of strains BSTT30
T and BSTT40 showed 100 % identity between them and the sequence had 14 generic signature nucleotides characteristic of the genus Erwinia (Hauben & Swings, 2005) . A comparison against the type strains of bacterial species recorded in the EzTaxon-e database showed the affiliation of the novel strain to the genus Erwinia. The closest related species were E. tasmaniensis Et1/99 T (Geider et al., 2006) and Erwinia rhapontici ATCC 29283 T with 98.4 % pairwise similarity and the following closest related species with 98.2 % similarity were Erwinia billingiae E63
T (Mergaert et al., 1999) and E. toletana A37 T (Rojas et al., 2004) . The remaining species of the genus Erwinia showed identities below 98 %. Phylogenetic analysis of the 16S rRNA gene was carried out including all the species of the genus Erwinia with validly published names. According to the NJ phylogenetic tree (Fig. 1) , strains BSTT30
T and BSTT40 clustered in a separate branch, grouping in a wide cluster that included the closely related species E. billingiae, E. rhapontici, E. tasmaniensis and the type species of the genus, Erwinia amylovora, among others. These results were congruent with the tree topology obtained after ML phylogenetic analysis.
In addition to the 16S rRNA gene, three housekeeping genes, previously used in phylogenetic analysis of species of the genus Erwinia, were analysed (Geider et al., 2006; Matsuura et al., 2007 Matsuura et al., , 2012 . The phylogenies obtained for the three genes were congruent with those based on 16S rRNA gene sequence analysis, supporting the affiliation of BSTT30 T and BSTT40 to the genus Erwinia as a separate novel species related to E. tasmaniensis. The phylogenetic tree of the concatenated genes, gpd, gyrB and rpoD showed that BSTT30 T and BSTT40 branched in a separate cluster within the group of its closest related species E. tasmaniensis and the type species of the genus E. amylovora (Fig. 2) . The identities of gpd, gyrB and rpoD gene were about 89-92 %, 87-89 % and 83-84 % with respect to E. toletana, E. billingiae, E. rhapontici and E. tasmaniensis. Therefore the results of the housekeeping gene analysis also indicated that BSTT30 T and BSTT40 represent a novel species of the genus Erwinia. (Table S1 ). The average hybridization values were 85 % between BSTT30 and BSTT40 and less than 29 % with respect to the closest relatives in all cases. Therefore, strains BSTT30
T and BSTT40 represent a novel species of the genus Erwinia when the recommendation of a threshold value of 70 % DNA-DNA relatedness for the definition of a bacterial species is considered (Wayne et al., 1987) .
For base composition analysis, DNA was prepared according to Chun & Goodfellow (1995) . The mol% G+C content of DNA was determined using the thermal denaturation method (Mandel & Marmur, 1968) . The G+C content of strains BSTT30
T and BSTT40 was 50.1 and 50.2 mol%, respectively. These values are within the range obtained for other species of the genus Erwinia (Hauben & Swings, 2005) .
The cellular fatty acids were analysed by using the Microbial Identification System (MIDI; Microbial ID) Sherlock 6.1 and the library RTSBA6, according to the technical instructions provided by this system (Sasser, 1990 ). BSTT30
T , BSTT40 and the closest related species of the genus Erwinia used for DNA-DNA hybridization experiments were grown on TSA plates (Becton Dickinson) for 24h at 28 8C and harvested at the late-exponential growth phase. The major fatty acids of strain BSTT30 T were C16 : 0 (35.2 %), C16 : 1v7c/16 : 1v6c in summed feature 3 (27.4 %) and C18 : 1v7c/18 : 2v6,9c (14.7 %) in summed feature 8. As expected, all the species of the genus Erwinia clustering in the same phylogenetic group as strain BSTT30 T shared similar fatty acid profiles (Table 1) .
Strain BSTT30
T was cultivated at 28 8C for 24h on TSA plates to obtain the cell mass required for quinone analysis, which was carried out by the Identification Service and Dr Brian Tindall at DSMZ (Braunschweig, Germany) using freeze-dried cells using the methods described by Tindall (1990a, b) . The novel isolate BSTT30
T contained Q8 as the respiratory quinone (100 %).
For fluorescent pigment analysis, cells were grown in King B agar and tested for pigment production (King et al., 1954) . Strains BSTT30 T and BSTT40 did not produce fluorescent pigments in this medium. Physiological and biochemical tests were performed as previously described (Peix et al., 2003 (Peix et al., , 2005 including the same species of the genus Erwinia, which were chosen for DNA-DNA hybridization experiments. Additionally API 20E, API 20NE and API 50CH with API 50 CHB/E medium (bioMérieux, France) as well as Biolog GN2 Microplates (Biolog) were used following the manufacturer's instructions. The results of API 20E tests were recorded after 24h and those of API 20NE and API 50CH were recorded after 48h incubation at 28 8C. Phenotypic characteristics of the novel species are reported below in the species description and the differences with respect to the most closely related species of the genus Erwinia are recorded in Table 2 . Therefore, taking into account all the phylogenetic, chemotaxonomic and phenotypic data, strains BSTT30 T and BSTT40 have all of the characteristics of the genus Erwinia (Hauben & Swings, 2005) , but should be assigned to a novel species within this genus. The name Erwinia endophytica sp. nov. is proposed.
Description of Erwinia endophytica sp. nov.
Erwinia endophytica (en.do.phy'ti.ca. Gr. pref. endo within; Gr. n. phyton plant; L. fem. suff. ica adjectival suffix used with the sense of belonging to; N.L. fem. adj. endophytica within plant, endophytic).
Gram-stain-negative, facultatively anaerobic, motile, nonspore-forming, rod-shaped cells of 1.5-1.7 mm in length and 0.8-0.9 mm in diameter. Colony morphology on nutrient agar is circular convex, beige, translucent and usually 2.0 to 2.5 mm in diameter after 2 days growth at 28 uC. Cells occur mostly in pairs. The growth temperature range is 5 uC-35 uC and the pH range for growth is 4.5 to 10. Can grow at 0-6 % (w/v) NaCl in nutrient broth. Oxidase-negative and catalase-positive. No diffusible fluorescent pigment is produced on King B medium. The respiratory ubiquinone is Q8. The major fatty acids are C16 : 0, C16 : 1v7c/16 : 1v6c in summed feature 3 and C18 : 1v7c/ 18 : 2v6,9c in summed feature 8. Glucose is fermented without gas production. Arginine dihydrolase, urease, Assimilation of citrate
Acetoin production (Voges-Proskauer test)
Acid production from (API 50CH):
Methyl a-D-mannopyranoside 
Assimilation of (Biolog GN2): Glycogen c-aminobutyrate, phenylethylamine, putrescine, 2-aminoethanol and 2, 3-butanediol. Assimilation of Tween40, mono-methyl-succinate, acetate, formate, quinate and bromo-succinate is weak. Finally, assimilation of DL-a-glycerolphosphate is variable.
The type strain, BSTT30
T (5LMG 28457 T , CECT 8692 T ), was isolated from the stems of potato plants (Solanum tuberosum L.) cropped from soil in Salamanca province, Spain. The G+C base composition of the DNA of the type strain was 50.1 mol%.
